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TEMPERATURE SENSOR WITH 
PROCESSABLE FRONT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to Swiss Application No. 
01424/06, ?led Sep. 6, 2006. 

TECHNICAL FIELD 

The invention relates to a temperature sensor having a 

sensor tip and a front for measuring the temperature of the 
inner Walls of tools, particularly the inner Walls of injection 
molding tools, Wherein the sensor tip is processable by 
removing material at the front up to a processing depth. 

PRIOR ART 

Temperature sensors for measuring the temperature of tool 
inner Walls of injection molding tools are knoWn. They are 
used to control injection molding processes and are also avail 
able as combined pressure-temperature sensors. Usually, 
thermocouples are used for these applications because they 
have a much shorter response time compared to temperature 
sensors. Thermocouples are made of tWo thermocouple Wires 
of different materials. In one thermocouple of the K type, for 
example, one of the thermocouple Wires is made of nickel 
chromium While the other is made of nickel. The response 
time of a thermocouple depends on the mass of the junction 
point connecting the tWo thermocouple Wires. 

Since the fronts of these sensors form part of the inner 
surface of the tool their outlines are visible on the injection 
moldedparts. In particular, any unevenness, ledges or ?ssures 
toWards the bores in the tools into Which such sensors are 

inserted are reproduced on the parts, a fact Which is judged as 
a defect. 

Generally, the fronts of pressure sensors can be processed. 
Into a bore having as little play as possible a sensor of this type 
is inserted up to a suf?cient depth that it reaches on all sides 
at least the edge of the cavity. Afterwards, the sensor front is 
processed by removing material until the front is planar With 
the adjacent inner Wall of the cavity. 

For this application, temperature sensors Which have a 
processable front are also available. A sensor of this type is 
described in WO 2004/052613. FIG. 2 shoWs a schematic 
representation of a cross-section of a sensor tip 2 according to 
the prior art as described in WO 2004/ 052613. TWo thermo 
couple Wires 6, 7 are inserted in tWo bores 9, 10 at the front 3 
of the sensor tip 2 and connected to the sensor tip 2 by 
crimping in the area of these bores 9, 10. This temperature 
sensor is crimped (compressed) in the front region so that the 
individual thermocouple Wires of the thermocouple are in 
close contact With the surrounding sensor tip. The area 
betWeen the arroWs in FIG. 2 represents the crimping area. 
This process alloWs for subsequent processing of the front 3 
by the user. This is required for a reliable measurement of the 
thermocouple. The external region of the sensor tip, hoWever, 
is damaged by the compressing during crimping Which 
adversely affects a smooth ?tting into the bore. The damage to 
the external region of the sensor tip done by compressing 
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2 
during crimping adversely affects the ability to insert the tip 
into the bore of the tool as smoothly as otherWise Would be 
possible. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

Therefore, it is an object of the present invention to suggest 
a temperature sensor With a processable front of the type 
mentioned in the beginning, said sensor having no mechani 
cal damage in the external region of the sensor tip. 
The object has been achieved by the features of the inde 

pendent claim. Further preferred embodiments are obvious 
from the dependent claims. 
The idea underlying the present invention is that in the 

temperature sensor according to the invention each thermo 
couple Wire of a thermocouple guided to the front is Welded to 
the sensor tip up to a depth Which is larger than the total 
processing depth behind the front 3. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the folloWing, the invention Will be explained in more 
detail With respect to the draWings Which shoW: 

FIG. 1 a schematic sectional representation of an injection 
molding tool With an integral temperature sensor; 

FIG. 2 a schematic representation of a cross-section of a 
sensor tip according to the prior art; 

FIG. 3 a schematic representation of a cross-section of a 
sensor tip according to the invention; 

FIG. 4 a schematic representation of a cross-section of an 
alternative embodiment of a sensor tip according to the inven 
tion. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

FIG. 1 shoWs the sensor claimed in a typical integral state. 
The Figure shoWs a schematic sectional representation of a 
bipartite injection molding tool 12 having a tool inner Wall 4 
surrounding a cavity 5. Adjacent to this tool inner Wall 4 there 
is integrated a sensor 1 With a thermocouple 8 comprising a 
sensor tip 2 against the front 3 of Which abuts the tool inner 
Wall 4. 

The invention describes a temperature sensor 1 having a 
sensor tip 2 and a front surface 3 for measuring the tempera 
ture of tool inner Walls 4, particularly of injection molding 
tool inner Walls 12, With tWo thermocouple Wires 6, 7 of a 
thermocouple 8 Wherein the sensor tip 2 is processable by 
removing of material at the front surface 3 up to a total 
processing depth L. The idea underlying the invention is that 
in the temperature sensor 1 according to the invention, each 
thermocouple Wire 6, 7 of the thermocouple 8 guided to the 
front surface 3 is Welded to the sensor tip 2 up to a depth Which 
is larger than the total processing depth L behind the front 
surface 3. 

FIG. 3 shoWs a schematic representation of a cross-section 
of a sensor tip 2 according to the invention of a temperature 
sensor 1. Typically, the sensor tip 2 is made of a suitable steel. 
The reference numerals are the same in all Figures. Thus, also 
this sensor tip 2 comprises tWo bores 9, 10 in Which tWo 
thermocouple Wires 6, 7 of a thermocouple 8 are guided to the 
front surface 3 of the sensor tip 2. A temperature sensor of this 
type is suitable for measuring the temperatures of tool inner 
Walls 4, particularly of the inner Walls of injection molding 
tools. According to the invention, each of the thermocouple 
Wires 6, 7 guided to the front surface 3 is Welded to the sensor 
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tip 2 in a Welding area 11 up to a depth Which is higher than the 
total processing depth L behind the front surface 3. Due to this 
deep and safe Welding 11 the sensor tip 2 can be processed for 
subsequent ?tting of the front surface 3 to the tool inner Wall 
4 by removing of material at the front surface 3 up to the 
processing depth L. The dotted line B represents an example 
of a neW front surface after the processing. Even after material 
has been removed at the front surface 3 up to the processing 
depth L the remaining Welding area 11 betWeen each of the 
thermocouple Wires 6, 7 at the sensor tip 2 is suf?ciently large 
to ensure the required connection of the thermocouple Wires 
6, 7 to the sensor tip 2. In this Way the correct temperature 
measurement of the thermocouple 8 can be guaranteed. 

Preferably, the tWo thermocouple Wires 6, 7 as represented 
in FIG. 3 are guided to the front 3. FIG. 4 shoWs an alternative 
embodiment of a sensor 1 according to the invention Wherein 
only one thermocouple Wire 7 is guided to the front surface 3 
While the other thermocouple Wire 6 is for example guided 
laterally toWards the surface of the sensor tip 2. In this con 
?guration the sensor tip 2 is preferably made of the same 
material as the thermocouple Wire 6 Which does not lead until 
the front surface 3, that is for example of a nickel-chromium 
alloy or nickel if a thermocouple 8 of the K type is used. 
Thereby the response time is shortened because the tWo mate 
rials of the thermocouple Wires 6, 7 are adjoined in a Welding 
area 11 at the front surface 3. A Welding 11 at this site only 
requires a good connection to the sensor tip. An additional 
depth of the Welding is not necessary since no material has to 
be removed at this site. 

The Weldings 11 at the front surface 3 of the sensor tip 2 of 
FIGS. 3 and 4 are preferably performed individually at every 
thermocouple Wire 6, 7. In particular in the case of small 
sensors 1 it is very dif?cult to carry out the Welding because 
these sensors can easily be damaged during Welding due to 
overheating. Usually, the distances of the thermocouple Wires 
6, 7 regarding their centers are about 0.5 mm While the thick 
ness of the front surface 3 is for example about 1-4 mm. 
Typically, the diameters of the thermocouple Wires 6, 7 are 
betWeen 0.1 and 0.2 mm. 

The processing depth L is at least 0.2 mm, preferably at 
least 0.5 mm thick. In most cases, this thickness is suf?cient 
to adapt the front surface 3 to the required outline of the tool 
inner Wall 4. 

The Weldings are performed Without any addition of mate 
rial. In this Way it can be avoided that the front surface 3 has 
to be processed after the Welding What Would result in addi 
tional efforts. Preferably, the thermocouple Wires are Welded 
by means of electron beam Welding or laser beam Welding. 
Since electron beam Welding generates less heat and deeper 
Welding can be performed Without overheating the Workpiece 
this method is preferred. 

The best results can be achieved if the radial clearance of 
the thermocouple Wires 6, 7 in the bores 9, 10 is at a minimum. 
With respect to the diameter D of these bores 9, 10 the radial 
clearance should be at most 0.02, preferably at most 0.01 mm. 

The Welding area 11 is shoWn in FIGS. 3 and 4. Each 
Welding 11 speci?cally connects one thermocouple Wire 6, 7 
to the periphery of the respective bores 9, 10. In a cross 
section of a sensor 1 according to the invention these indi 
vidual Welding areas 11 of each thermocouple Wire 6, 7 are 
clearly visible. Clearly, they extend beyond the predeter 
mined processing depth L. If a front surface 3 is removed by 
a user up to a processing line B Which is alloWed to extend up 
to the processing depth L a secure connection of the thermo 
couple Wires 6, 7 to the sensor tip 2 is still guaranteed. A single 
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Welding Which adjoins the both spaced apart thermocouple 
Wires 6, 7 in one single Welding 11 Would not be able to ensure 
the quality of the sensor 1. 

To be able to insert the sensor 1 after the reWorking by the 
user has been ?nished folloWing a subsequent removal again 
in the same orientation the sensor 1 is preferably provided 
With a rotation lock 15. 

A sensor 1 according to the invention of the type described 
above can also include a pressure sensor 16 and thus be 
manufactured as a combined temperature-pressure sensor. 

LIST OF REFERENCE NUMERALS 

1 sensor 

2 sensor tip 
3 front 
4 tool inner Wall 
5 cavity 
6 thermocouple Wire 
7 thermocouple Wire 
8 thermocouple 
9 bore 
10 bore 
11 Welding, Welding area 
12 tool 
L processing depth 
D diameter 
B front line folloWing a processing 

The invention claimed is: 
1. A temperature sensor having a sensor tip and a front 

surface for measuring temperatures of tool inner Walls, and 
tWo thermocouple Wires of a thermocouple Wherein each of 
the thermocouple Wires is guided in a respective bore de?ned 
in the sensor and at least one of the thermocouple Wires is 
guided in its respective bore through the sensor tip up to the 
front surface, Wherein each thermocouple Wire guided to the 
front surface is Welded to the sensor tip in a Welding area up 
to a depth Which is larger than a given minimum processing 
depth behind the front surface. 

2. A sensor according to claim 1 Wherein both thermo 
couple Wires are guided to the front surface. 

3. A sensor according to claim 1 Wherein exactly one of the 
thermocouple Wires is guided to the front surface and the 
other thermocouple Wire is connected to the sensor tip at a site 
different from the front surface. 

4. A sensor according to claim 3 Wherein the sensor tip is 
made from the same material as the thermocouple Wire Which 
is not guided to the front surface. 

5. A sensor according to claim 1 Wherein the processing 
depth is at least 0.2 mm. 

6. A sensor according to claim 1 Wherein the Welding is 
made Without adding any additional material. 

7. A sensor according to claim 1 Wherein each thermo 
couple Wire guided to the front surface is Welded to the sensor 
tip individually. 

8. A sensor according to claim 1 Wherein the radial clear 
ance of the thermocouple Wire in the bore at the sensor tip is 
at most 0.02 mm in the diameter. 

9. A sensor according to claim 1, further comprising a 
rotation lock for the insertion mechanism into the tool. 

10. A sensor according to claim 1 Wherein the sensor is a 
combined temperature-pressure sensor. 
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11. A sensor according to claim 1 wherein the processing 14. A sensor according to claim 1 Wherein the radial clear 
depth is at least 0.5 mm. ance of the thermocouple Wire in the bore at the sensor tip is 

12. A sensor according to claim 2 Wherein the processing at most 0.01 mm in the diameter. 
depth is at least 0.2 mm. 

13. A sensor according to claim 2 Wherein the processing 5 
depth is at least 0.5 mm. * * * * * 


